Postoperative spinal cord damage was not uncommon when herniated thoracic discs were treated using the midline posterior laminectomy. 1 Over the past few decades, the surgical treatment of thoracic disc herniation via a posterior approach has changed from the traditional midline laminectomy to posterolateral approaches such as costotransversectomy, lateral extracavitary, and a transpedicular approach; such approaches were adopted in an attempt to avoid catastrophic injury to the spinal cord. [2] [3] [4] [5] [6] [7] [8] 10 Although the surgical exposure via posterior approaches extends further laterally to provide a maximum ventral view of the spinal cord dura mater, this procedure is more invasive. Of the various posterior approaches, the least invasive is the transpedicular approach. However, the decompression of the ventral spinal cord via the transpedicular approach has to be performed blindly. Dissatisfaction with posterior approaches brought about a transthoracic approach, which is more of an anterolateral approach rather than a completely anterior one. The main advantage of this thoracotomy is that it provides direct access to the anterior aspect of the spinal cord; the invasiveness of the procedure itself, however, is incomparable with that of cervical or lumbar disc surgery. Recently, an endoscopic transthoracic approach has been developed to minimize the invasiveness of the conventional thoracotomy.
CLINICAL MATERIAL AND METHODS

Patient Criteria
Between November 1993 and December 1998, the author performed endoscopic transpedicular thoracic discectomy in 25 patients with thoracic disc protrusion at the University of Pittsburgh Medical Center. There were 12 men and 13 women, aged 29 to 70 years (median 46 years). There were seven cases of myelopathy, six of radiculomyelopathy, 10 of radiculopathy, and two of segmental pain as the primary clinical symptom at presentation. All patients were treated conservatively for more than 6 weeks, except several of the patients with myelopathy. All patients underwent MR imaging of the thoracic spine. Some patients also underwent postmyelographic computerized tomography scanning. In all patients MR images of the thoracic spine were obtained 6 weeks postoperatively (Fig. 1) . Of the 13 patients with myelopathy, one patient suffered almost complete paraplegia for 36 hours, one patient suffered severe paraparesis limiting ambulation and one patient had severe spasticity requiring a cane for short distance ambulation. Of the 10 patients with radiculopathy, one patient was treated for hepatitis and experienced right-sided hypochondral pain. When her right-sided hypochondral pain did not respond to medical treatment, an MR image of the thoracic spine was obtained that revealed a right-sided T11-12 disc protrusion. In the two patients with local segmental pain conservative treatments did not resolve their symptoms.
Magnetic resonance imaging demonstrated thoracic disc protrusion at the area corresponding with their pain.
Surgical Equipment
A 4-mm-diameter and 18-cm-long rod/lens rigid endoscope was used. In the past we sometimes used the operating microscope but now a 0°lens endoscope is used exclusively for the transpedicular approach itself. Disc removal in front of the spinal cord is performed using a 70°-angled-lens endoscope (Fig. 2) . A custom-made endoscope holder is used to secure the endoscope tightly during the operation. An endoscope-cleansing device used for intermittent cleaning of the lens is controlled by a foot pedal. A long-armed down-biting curette is used, which was custom-made by bending the curette gently, close to 90°at a point approximately 10 mm away from the curette tip. This tip can reach the contralateral side across the midline, ventral to the spinal cord. The tubular retractor is a 1.5-cm-or 1.15-cm-diameter threaded trocar made for endoscopic thoracotomy (Fig. 3) . In obese patients who require a longer tube, a 20-or 30-ml 3 syringe barrel is used (the tip of the syringe barrel is cut to the appropriate length with a pair of scissors or a rongeur).
Surgical Technique
Details of the surgical technique have been previously reported. 3 General anesthesia is induced by endotracheal intubation. Somatosensory evoked potential monitoring is conducted during the entire procedure. The patient is positioned in a 60°forwardly inclined lateral position, keeping the lesion side up (Fig. 4 ). An axillary roll is placed under the dependent side to prevent injury to the neurovascular structures and to the shoulder joint. The correct spinal level is corroborated using a fluoroscopic C-arm or portable radiography. Preparation and draping are undertaken following aseptic technique.
A 2-cm-long transverse skin incision is made laterally from the lateral margin of the corresponding spinous process. The paraspinal muscles are dissected from the spinous process, lamina, and transverse process by using a small periosteal elevator. A tubular threaded trocar measuring 1.5 cm in diameter is introduced, exposing the facet joint and lamina (Fig. 5) . A smaller trocar, 1.15 cm in diameter, is used in cases of a laterally herniated disc causing radiculopathy. Under a 0°-lens endoscopic or operating microscopic visualization, the medial portion of the facet, the very lateral portion of the lamina, and the rostral one-third portion of the pedicle are removed using a highspeed drill. An approximately 2-to 3-mm portion of the very lateral margin of the spinal cord dura mater is exposed. The nerve root is usually identified rostral to the intervertebral disc, but occasionally it is observed to be just rostral to the resected portion of the pedicle. In cases of radiculopathy, the nerve root compression can be identified at this point. Using a high-speed drill, the lateral bone spurs rostral and caudal to the herniated disc are removed, creating a small cavity. The drill bit is a 2-mm cutting bit. The limited exposure of the spinal cord dura mater prevents the surgeon from injuring the spinal cord because the main portion of the spinal cord is still covered by the remaining ipsilateral lamina and an exposed portion of the dura mater corresponds to the subarachnoid space. When an approximately 1.5-cm cavity has been created at the lateral intervertebral disc space, the 70°-lens endoscope is introduced.
As described previously, the 70°-lens endoscope is mounted to the endoscope holder. The endoscope is used to obtain direct visualization of the ventral aspect of the spinal cord dura mater. Under this direct endoscopic visualization, the cavity created lateral to the spinal cord is extended further medially by removing disc material and bone spurs with a down-biting curette. When an extended tunnel has been created underneath a thin layer of the dorsally protruded disc and bone spur compressing the spinal cord, the shell of the disc material and bone spur beneath the spinal cord is pushed away toward the cavity and then removed using a long-armed down-biting curette and a curved pituitary rongeur (Fig. 6 ). The use of a 70°-lensendoscope image does require practice. When adequate decompression has been performed, the ventrally concave curvature of the spinal cord dural mater bulges out to make a convex curvature ventrally toward the intervertebral space (Fig. 7) . Bone bleeding is controlled with application of bone wax. The trocar retractor is removed. A couple of stitches are made at the paraspinal fascia. A local anesthetic is applied to minimize postoperative incision-related pain. Subcuticular skin closure is performed, and a small bandage is applied. This transpedicular thoracic discectomy was performed on an outpatient basis in patients with radiculopathy. Those with myelopathy were kept overnight in the hospital for observation.
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Endoscopic thoracic discectomy 3 Fig. 3 . Photograph showing a 1.5-cm-diameter threaded trocar (green) and a stylet, and a 1.15-cm-diameter threaded trocar (black) and a stylet. A 1.5-cm trocar is used in most cases, but a smaller trocar has been used for laterally herniated discs. In obese patients, a 20 or 30-ml 3 syringe barrel has been used with its tip cut open. 
RESULTS
No surgery-related complications were observed. Table  1 provides a summary of cases and outcomes. Of 13 myelopathic patients with or without radicular pain, excellent postoperative symptomatic improvement was demonstrated in 12. In one patient (Case 22) with almost flaccid, complete paraplegia, recovery of normal status was demonstrated postoperatively; surprisingly, no residual signs of myelopathy were present. His reflexes returned to normal after surgery. Another patient (Case 5) with profound preoperative paraparesis was able to ambulate without assistance following the operation. One patient (Case 17) who was unable to walk preoperatively was able to ambulate with the use of a cane, but residual spasticity is still present. One patient (Case 13) with radiculomyelopathy experienced recurrence of symptoms after being involved in a motor vehicle accident 3 months postoperatively. Subsequently she underwent two more operations performed by other surgeons: an endoscopic transthoracic discectomy and a conventional transthoracic discectomy, respectively, at the same level of the thoracic spine. Despite multiple operations, her right-sided hypochondral pain was not relieved and she remained hyperreflexic. The remaining patients with myelopathy recovered completely. Of the 10 patients with radiculopathy, nine experienced relief of their radicular pain. One patient, who had undergone multiple abdominal treatments, such as cholecystectomy and pancreatic stent placement for right-sided hypochondral pain, was found to have a right-sided T11-12 disc protrusion. She underwent a right-sided T11-12 transpedicular discectomy; however, she continued to experience right-sided hypochondral pain postoperatively. In the two patients with local segmental pain corresponding to the level of their thoracic disc protrusion, pain relief was not achieved despite evidence of excellent results as demonstrated on postoperative MR images.
DISCUSSION
The transpedicular approach to thoracic discs was first introduced by Patterson and Arbit in 1978, 7 and the surgical procedure used in the author's present series of patients is very similar. 3 Stillerman, et al., 10 have reported a similar technique, termed the "transfacet pedicle-sparing approach." The intervertebral disc in the thoracic spine is located at the level of the facet joint. To expose the intervertebral disc laterally to the spinal cord, the facet joint has to be removed either partially or totally. In addition, the rostral edge of the pedicle is so close to the intervertebral disc in the thoracic spine that the rostral one-third portion of the pedicle at the lower vertebra must be removed to expose adequately the superior bone edge of the lower vertebra adjacent to the intervertebral disc. To gain access to a thoracic intervertebral disc via a posterior paramedian approach, two key structures must first be removed: the medial portion of the facet joint and the rostral one third of the pedicle. To coin a different name for this surgical approach may only add confusion; however, calling this a "posterior paramedian approach" might be more accurate than terming it a transfacet or transpedicular approach. The surgical procedure-from the skin incision to trocar retractor placement-is fast and straight forward, taking only a few minutes. The very lateral portion of the lamina and the medial portion of the facet joint are removed with a high-speed drill with a 2-mm cutting bit. The surgical landmark is the crossing point of a line drawn along the inferior margin of the facet process horizontally and a vertical line drawn along the midpoint of the facet joint. The crossing point of these two lines will lead to the rostral portion of the pedicle. Other landmarks are the transverse processes of adjacent vertebrae. The facet joint can be identified just medially in between the transverse processes. The bone can be drilled under the operating microscope or using a 0°-angled-lens endoscope. Greater control of the drill is obtained when using the operating microscope compared with the endoscope mostly due to the stereoscopic view of the operating microscope. Now, however, we use an endoscope only. The surgical approach is undertaken using a 0°-lens endoscope, and discectomy ventral to the spinal cord is performed using a 70°-lens endoscope. When a three-dimensional endoscope is developed and used in conjunction with a high-definition video monitor, endoscopic stereoscopic images may become comparable in quality to the views provided by the operating microscope. Whereas the operating microscope provides narrow tunnel vision, an endoscope allows wider and clearer images. However, the endoscope shaft occupies the surgical corridor and hinders handling of the surgical instruments. In addition, when bone is being drilled bone dust and bloody fluid frequently cloud the endoscope lens. In the author's experience, the use of a 0°-lens endoscope has become more convenient than the operating microscope. As Patterson and Arbit 7 originally reported, it is important first to create a small cavity lateral to the spinal cord by removing the bone spur of the rostral and caudal vertebra in addition to the removal of the intervertebral disc before any attempt at ressecting the disc is made medially. Operating under the 70°-lens endoscope is very difficult and confusing for a surgeon just beginning to perform endoscopy. In this technique, the very edge (roughly 2-3 mm) of the lateral portion of the spinal cord dura mater is exposed. The remaining lamina still covers most of the spinal cord. This limited exposure helps to avoid inadvertent damage to the spinal cord when instruments are passed beneath the 70°-lens endoscope. In addition to the confusing view provided by the 70°-lens, the use of curved instruments can increase the difficulty until the surgeon becomes familiar with the technique. An endoscope holder, essential to obtain a steady image on the monitor, allows a surgeon to use both hands. An endoscope-cleaning device is another integral element in this technique. Although the cleaning unit that is currently available commercially is not yet ideal, it allows the surgeon to operate continuously without the frequent interruption of cleansing a foggy or blood-stained lens. Instruments must be curved to be introduced under the spinal cord.
Endoscopic transthoracic discectomy has been introduced recently. 9 This technique still requires three to four separate skin incisions and postoperative chest tube drainage for several days. Although a transthoracic endoscopic approach to a thoracic disc is relatively minimally invasive when compared with the conventional thoracotomy, it remains more demanding and invasive than lumbar or cervical disc operations. Other authors have mentioned their occasional use of endoscopes to inspect the ventral aspect of the spinal cord dura mater during a posterior
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Endoscopic thoracic discectomy 5 approach to thoracic disc protrusions. 6, 10 The use of an angled lens endoscope can be broadened to include various posterior approaches to the spine at any level of the vertebrae. Its use may minimize unnecessary extensive surgical exploration, which is often required for an exposure at the ventral aspect of the spinal cord.
In the present study, two patients continued to experience local segmental pain despite the adequate removal of the protruded disc at the corresponding thoracic level. Both had sustained work-related injuries and developed local midline pain in the thoracic spine, which did not respond to prolonged conservative treatment. Preoperative MR images revealed disc protrusion at the level corresponding to their pain. Postoperatively, both continued to suffer pain. In one patient in whom right-sided hypochondral pain and hepatitis were present, a T11-12 disc protrusion was demonstrated on an MR image. Despite successful removal of the protruded disc, she continued to experience right-sided hypochondral pain. In the other patient with right-sided hypochondral pain, who had undergone multiple abdominal procedures, a T11-12 disc protrusion was diagnosed. Relatively increased reflexes were demonstrated in her lower extremities. Endoscopic discectomy seemed to relieve her symptoms for 3 months until she sustained injury in a motor vehicle accident, after which her symptoms fully recurred. Other surgeons subsequently performed endoscopic transthoracic discectomy and fusion, but the patient experienced no relief of symptoms. She underwent a third procedure (also performed by other surgeons), a conventional thoracotomy, but likewise experienced no relief of symptoms. The hypochondral pain that these two patients experienced might not have been caused by thoracic disc protrusion. Both had undergone prolonged and various treatments for their abdominal disorders preoperatively.
Although there were no cases of intraoperative spinal cord damage, such an injury remains the primary potential risk of this endoscopic transpedicular technique. Somatosensory evoked potential monitoring was used in all patients, but its use does not preclude the development of spinal cord injury intraoperatively. If a surgeon needs to introduce an endoscope via a posterior approach in the treatment of thoracic discs, a posterolateral extracavitary approach may be an easy operation with which to start. With this wider and further lateral exposure, a surgeon may grow accustomed to the use of a 70°-angled-lens endoscope a little more easily. When the surgeon has become more familiar and adroit with the endoscope, a more restricted surgical exposure such as a transpedicular approach can be undertaken. Endoscopic inspection of the ventral aspect of the spinal cord alone is not terribly difficult. When decompression of the spinal cord is achieved, the spinal cord dura mater bulges out toward the discectomy cavity and appears convex on the endoscopic view. An absence of this dural bulging indicates that there has been inadequate decompression of the spinal cord, and inadequate decompression is another potential unwanted outcome. Nerve root damage is a possible risk when a conventional 0°-lens endoscope is used because the lack of depth perception on the monitored two-dimensional image may lead to injury to the nerve root while the facet joint is removed. However, no surgery-related complications were encountered in the author's series of patients. When the surgeon becomes familiar with the technique, the patient's postoperative recovery, the extent of invasiveness, and the complexity of the procedure may become comparable with those of cervical or lumbar discectomy.
